The purpose of the present study was to determine the relative distribution of plasmids in 87 clinical isolates of Nucardia, belonging to the five major pathogenic species. A correlation between plasmid content and the site of infection within the host, resistance to antibiotics and enzymic profiles was also investigated. The plasmid extraction procedure of Kado and Liu was used. Electrophoretic analysis revealed one-to-four plasmid bands, ranging in size from <8 to >50 kb, in 27 strains (31%). Based on the number of isolates tested, the incidence of plasmid-bearing strains was significantly higher among N. farcinica than N. asteroides strains. Within N. farcinica, the incidence of plasmids was higher among strains isolated in the Paris area than in strains isolated elsewhere, such as in the French provinces or outside France. A statistically significant correlation was demonstrated between the cutaneous localisation of infections and the incidence of plasmid-bearing strains. The presence of plasmids in nocardiae could not be associated with specific phenotypic traits such as resistance to antibiotics or enzymic activity. The fact that the majority of Nocardia clinical isolates (60 of 87) did not contain plasmids suggests that plasmids are not involved directly in virulence and that there is no selective pressure for plasmid acquisition.
Introduction
Nocardia spp. are gram-positive aerobic actinomycetes with rudimentary to extensively branched vegetative hyphae that fragment into bacteroid, rod-shaped to coccoid elements. The DNA of these organisms have a G + C content ranging from 64 to 72 mol% and their cell walls contain mycolic acids composed of 46-60 carbon atoms. Nocardiae have a worldwide distribution in soil and some strains are pathogenic for man and animals [ 11. They may enter the body via inhalation of contaminated dust particles or wounds contaminated with dust or soil. In recent years, pulmonary and systemic human infections have been reported most frequently in immunocompromised patients [2] .
Evidence for plasmid carriage may be of special interest because plasmids could encode for important phenotypic properties as well as specific virulence factors. There are very few reports of plasmid carriage within true Nocardia spp., and these have referred mainly to N asteroides isolates [3, 4] . However, it is known that strains previously identified simply as N. asteroides are in fact members of the N. asteroides Received 15 Jan. 1996; accepted 15 March 1996. Corresponding author: Dr I? Boiron. . general complex, and this group must be differentiated now into at least three species, i.e., N. asteroides sensu strict0 (here called N. asteroides), N. farcinica and N nova. Their epidemiological [5] , pathogenic [6] and antibiotic susceptibility patterns seem to be different [7, 81, which might lead to distinct clinical outcomes in infected patients [5] .
The purposes of the present study were: (a) to screen a large number of clinical isolates of Nocardia, including strains belonging to the N. asteroides complex, to determine the relative distribution of plasmids; (b) to examine the correlation between plasmid content and phenotypes, resistance to antibiotics and enzymic profiles; (c) to investigate the relationships between plasmid content of clinical isolates and the site of infection within the host; and (d) to evaluate the stability of plasmid carriage.
Materials and methods

Bacterial strains and media
Eighty-seven strains of nocardiae isolated from human infections were used in this study. They included 79 strains of the N. asteroides complex (46 N. asteroides, 23 
Culture conditions and identification
In-vitro susceptibility testing was performed on Mueller-Hinton agar by a procedure described previously [ Enzymic profiles of strains were determined by the API ZYM system (API System SA, La Balme les Grottes, France) as previously described [17] . All tests were done with standardised inoculum size, temperature and duration of incubation as described previously.
Plasm id screening
The plasmid extraction procedure of Kado and Liu [12] Plasmid stability was used. Briefly, covalently closed circular DNA was released from cells under conditions that denature chromosomal DNA by alkaline sodium dodecyl sulphate (pH 12.6) extraction at 65°C. Proteins and cell debris were removed by extraction with phenol-chloroform and the clarified plasmid DNA extract was used directly for electrophoretic analysis. The plasmid-containing strains were subcultured at intervals of 2 weeks and plasmid DNA preparations were repeated three times at intervals of 2 months. This corresponded to four subcultures between the first and the last DNA extractions.
Statistical analysis
The incidences of plasmids in Nocardia spp. were compared by the x2 test.
Results
Occurrence of plasmid-bearing strains
Eighty-seven strains of Nocardia spp. isolated from clinical cases were examined. In 27 strains (31%), electrophoretic analysis with agarose 0.5% gel revealed one-to-four plasmids, ranging in size from <8 to >50 kb (Table 1) . Plasmids with mobility faster than chromosomal residues (c. 40 kb) were considered low mol. wt plasmids, whereas plasmids with mobility slower than chromosomal residues were considered high mol. wt plasmids. Plasmid DNA, either of low or high mol. wt, was demonstrated in all Nocardia spp. studied, including 11 (24%) of 46 strains of N. asteroides (sensu stricto), 11 (48%) of 23 strains of N farcinica, two of 10 strains of N. nova, one of four strains of N brasiliensis and two of four strains of N. otitidiscaviarum. None of the type strains of the nocardial species contained plasmids. Based on the number of isolates tested, the incidence of plasmidbearing strains was significantly higher among N favcinica than N. asteroides strains (p < 0.025). The number of strains of other nocardial species investigated was too low for frequency analysis of plasmidbearing strains. Table 2 shows the geographic distribution of strains of N asteroides and N. farcinica, either with or without N. farcinica, the incidence of plasmids was higher among strains isolated in the Paris area than in strains isolated elsewhere, such as in the French provinces or outside France (p < 0.1).
The site of infection was known for 71 strains ( Table 3 ). A statistically significant correlation was demonstrated between the cutaneous localisation of infections and the incidence of plasmid-bearing strains (p < 0.005). Thus, all N asteroides and N farcinica strains isolated from cutaneous infection contained a high mol. wt plasmid ( 2 5 0 kb); however, N. otitidiscaviarum strains showed only low mol. wt plasmid bands (<8, 8, 29 and 38 kb) . In contrast, N. brasiliensis strains isolated from cutaneous lesions did not have any visible plasmid band. Table 1 shows the resistance profiles of plasmidcontaining strains against various antibiotics. The incidence of susceptibility amongst N. . farcinica isolates was similar, showing resistance to all but two antibiotics (Ipm and An). In contrast, resistance was variable amongst N. asteroides isolates. The susceptibility of nocardial isolates to antibiotics did not correlate with the presence of plasmids.
Enzymic characterisation
Plasmid-bearing strains showed enzymic (physiological) profiles that were not significantly different from those isolates that had no demonstrable plasmids (data not shown).
Plasm id stability
For all strains, plasmid patterns were identical after at least 4 subcultures with those patterns identified during the first screening (data not shown).
Discussion
There have been only a few reports of plasmids in nocardiae. It should be noted that N. corallina, N. erythropolis, N. orientalis and N rnediterranei, from which plasmids have been isolated [18-211, are not members of the genus Nocardia but have been reassigned to the genus Rhodococcus for the two former species and Arnycolatopsis for the two latter species. Up to the present, plasmids have been demonstrated only in a few isolates of N. asteroides [3, 4] which, based on taxonomic difficulties, might have been either N, asteroides sensu stricto, N. .farcinica or N nova.
Plasmid content and plasmid sizes may differ according to the plasmid extraction procedure used [22] ; therefore, the procedure of Kado and Liu was selected in this study because it was rapid and permitted extraction of both small and large plasmids. The chromosomal DNA, which could mask plasmids migrating at this level, was reduced significantly by heat treatment at 65°C for 2 h.
A total of 60 strains, belonging to five species of Nocardia, appeared to be plasmid-free. The fact that the majority of Nocardia strains did not contain plasmids suggests that there is no selective pressure for plasmid acquisition. The lack of sufficient transfer events from strain to strain, or too low a copy number, could also be responsible for not finding plasmids in these nocardial isolates.
Based on the few reports in the literature, the relative frequency of plasmid-containing strains in this study is similar to those described by Kasweck et al. [3] and Jonsson et al. [23] . Thus, Kasweck et al. reported
The significance of plasmids for their host bacteria probably depends on their stability. The present results confirm that plasmids do not seem to be lost readily during laboratory cultivation and maintenance [3] . For this reason, when plasmid( s) is(are) present, plasmid analysis could be a means of strain comparison in an epidemiological evaluation of outbreaks of nocardial infections [24] or in recurrence of infection in an individual case [23] .
The significance of the fact that the incidence of plasmid-bearing strains seems higher among N farcinica than in N. asteroides strains, particularly among strains isolated in the Paris area, requires further investigation. Thus, restriction endonuclease analysis of these plasmids and DNA-DNA hybridisation studies may indicate similarity among isolates, and suggest common sources of exposure.
From the data presented above, it can be concluded that there may be a correlation between the incidence of plasmid-harbouring strains and primary cutaneous localisation of infection. Surprisingly, plasmid bands were demonstrated in Nocardia spp. isolated from this site except N. brasiliensis, even though this species is known to be predominant in primary cutaneous nocardiosis [25] . Plasmid bands detected in N. otitidiscaviarurn, a species also frequently involved in primary cutaneous infection [26] , were of lower mol.wt than plasmid bands carried by N. asteroides and N farcinica strains isolated from cutaneous sites. For this reason, it is important to investigate more isolates from cutaneous lesions. It would be of interest to determine whether there is a relationship between these plasmids and the ability of nocardiae to cause primary cutaneous disease.
The presence of plasmids in nocardiae could not be associated with specific phenotypic traits such as resistance to antibiotics or enzymic activity. Moreover, these plasmids appear not to be involved directly in virulence, because in man, strains lacking plasmids were shown to be as effective in causing nocardiosis as those with plasmid(s). However, continued investigation for such correlation is needed because the incidence of plasmid-bearing strains appears to be higher among N farcinica isolates than among N astevoides isolates. Other investigators have suggested that N. farcinica infection is characterised by higher rates of disseminated disease, antimicrobial resistance and mortality than other Nocardia spp. [27] .
The information on the plasmid profiles of different strains of Nocardia reported here may offer greater insight into both plasmid and nocardial ecology. Additional prospective studies are necessary to trace the plasmid evolutionary behaviour within each species to understand the functional roles of these extra-chromosomal elements in nocardial biology.
